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Embryogenic callus and cell suspension of inbr«d eorn. 

@ Embryogenic callus of corn inbred B73, embryotsenic cell 
Suspensions of ecrn inbred B73, clones of the embryogenic 
callus and cell suspensions of corn inbred 873, curn plants 
and the seed thereof regenerated from the einbryogenic 
callus, embryogenic cell suspensions and clones of the 
tmbryogenie callus and embryogenic cell suspen^rts. and 
progeny of the regenerated corn plants including mutant and 
variant progeny are claimed. 
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PR-71 61/731 5 

£lm5h:iogenic Callus and .cell suspension of inbred cchm 

Field of the Invention 
The invention relates to embryogenic callus of. com inbred B73 - 
a major commercial inbred corn variety. The invention also relates to 
cell suspensions derived from enbri^enic callus of com inbred 873, Ihe 
cell suspensions may be characterized as unifom mixtures of esnbryogenic 
5 and other cells. Unexpectedly ^ the cell suspensions according to the 
invention give rise to embryos of com inbred B73 under certain culture 
conditions described hereinbelcw. The invention furthenrore relates to 
viable seed-producing plants Of com inbred B73 regenerated from the 
embryccenic callus or embryogenic cell suspensions 'according to the inven- 

10 tion. Lastly, the invention cor^cems nutant and/or reccxnbinant progeny of 
embr/^genic callus or embryogonic cell suspension and com plants regener- 
ated therefrom. Specific ex^tr^les of the erri>ryogenic callus of com 
inbred 873, from which embrvwenic cell suspensions may be derived, have 
been deposited Ln the teeric^n Tv're Cultiire Collection under AltTC ecces- 

15 sion nunber 40116 on April 1-5, 1984. r 

Relevant Art 

2ea mays L.. or com is a major vorlcwide cereal crop* Ln the 
continental United States alone, an estimated 82 million acres of com is 
planted yearly. A sur/ey of the U. S. ccm germ plas?. base conducted in 
1979 accounting for 1.3 billion pounds of seed oom^ determined that com 

20 irJbred 873 was used in the producticn of approximately 178.5 million 

pounds of com hybrid seed. This amount reflects approximately 14% of the 
total com seed required for the 1S80 planting of S2 million acres of com 
" in the United States. 873 was used to produce more hybrid corri seed thar. 
any other com inbred line in the 1979 survey. As the major inbred corn 

25 line used in hvtrid com seed production, 873 is a ccrmercially important 
com inbred. Successful efforts to improve 873 are likely -to have a major 
impact on the cormercial com seed business. 

Current mothods for improving inbred com lines are time con- 
suming, labor intensive, and risky. Thus, methods that reduce any of 
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/these problens would represent an advance in the cereal breeding arts. 
One method for inducing changes in an inbred com seed line is accoa>- 
plished by exposing inbred seed coni to a mutagen/ wiiah may be ionizing 
radiation or a nutagenic chsfnical, growing the seed out^ and screening the 
5 com plants for a desired characteristic such as decreased height or path- 
• ogen resistance^ Seed from plants displaying the desired characteristics 
are then replanted, rescreened and the seed frcm plants passing the screen 
are retained. After several years and many grow-outs of the seed, a 
sufficient seed stock of the inbred displaying the desired characteristic 
10 is accunulated for ccnmercial breeding^ 

Several problems attend the method of obtaining a modified inbred 
com seed line as described above. Inbred com lines are highly hcnozy- 
gouSr or pure-bred. Such inbred lines frequently display low vigor , and 
as a result frequently produce few seed. If seed production is tco low, 
15 successful large-scale production of seed derived fran a single plant of a 
modified inbred line may not be possible at all. Even if the modified 
irired is vigorous and produces adequate numbers of fertile seed, several 
years and many acres of land are required to produce eqguch seeds to make * 
ccmrercial breeding possible. 

•20 Other approaches co the procti^jation of desirable rrx2ified Lnhrecs 

have also been suggested and rely upon plant tissue culture technic'jes. 
In some of these approaches, cell cultures are subjected to mutagenic 
ionizing radiation. The desirable characteristic is selected or screened 
in cell culture. Cells having the desirable characteristic are propagated 

25 in cjlture and ultimately regenerated to form seed-bearing plants (see 
e.g., Bottino ?. J., "Ihe Potential of Genetic ^ManiExHation of Plant Cell 
Cultures for Plant Breeding," Radiation Botany , 15:1-16 (1975). 

Ohe feasibility of using selection techniques on callus cultures 
of certain ncn-ccmmercial com inbreds and the regeneration of plants prc- 
30 ducing seed that carry the characterstic selected in tissue culture has 
been demonstrated by Hibbert et al. (see, "Selecticn and Gnaracterization 
of a Feedback - Insensitive Tissue Culture of Maize," Planta , 148: 183-187 
(1980).) 
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Prior to the developnent of the embr/ocenic callus line of oDm 
inbred B73 of the instant invention, no friable cnbryoqenic callus culture 
or enbr/ogenic cell suspension cjdture of a commercially significant 
inbred com line has been described. With respect to embryogenic callus 
5 lines of noncommercial com inbreds, C^S. Green has described a friable 
callus of com inbred A188 cap.able of regenerating plants by sanatic 
entbryogenesis (see. Green, C,E»^ "Somatic Snbryogenesis and Plant Regener- 
ation Fran the Firable Calus of 2ea mays L^" in Proc. 5th Int'l. Cong* 
Plant Tissues and Cells, Akio Fujivara ed,, Japanese Association of Plant 

10 Tissue Culture, pub. Tokyo, Japan, 1932). EJnbyrogenic,^ friable AlSa 

callus according to Green can be derived from spontaneous sectors of 

organogenic callus. Organogenic callus according to Green can be obtained 
as follov.'s. Immature z^-gotic erJbryos from the seed of sibling pollinated 
A183 ar^ reroved fron the seed and placed in a Murashige and Skoog (MS, 

15 see Murashige and Skoog; Ph\^ioloQia Plantarium ^ 15:426 (1952)) medium, 
with 0.5 mg/l 2,4-D, 1 mM L*asc^ragine, and 0.7% bactoagar. The immature 
zygotic embryos are incubated at 28 'C with 16 hours light per day. (See 
Springer, W.D. et al., 1979, *A Histological Examination of Tissue Culture 
Initiation Frcm Lxiature £Ttr\T?$ of Haize", Protoolasma , 101, 269-281.) 

20 The scutellum of Lhe primary rv^otic enbryo proliferates rapidly and for:?s 
an orcancgenic callus culture. The epithelium of the scutellon becomes- 
highly meristematic. Apical ::>eriscefrs forvi at the surface of the colt'ore 
which is characterized by an extended cambial zone. Because no root pri- 
mordia are associated with the shoot primordia, the callus is considered 

25 organogenic. 

Green's embryogenic callus arises spontaneously as sectors grow- 
ing frcm the established orgccKcenic callus or can be induced fron primary 
cultures with proline. Proline, however r does not appear to induce 
" embryogenic callus in B73. Green's embryogenic callus appears undifferen- 
30 tiated, highly friable, has little organization on visual inspection and 
is fast growing, requiring sub-c'ulturing at least every two weeks. The 
embryogenic callus culture described by Green develops to the coleoptilar 
stage on MS or N6 medium with 2% sucrose and 0.5 to 1.0 mg/1 2,4-D. 
Normal development to Lhe mature embryo stage is possible if the embryos 
35 are transferred to N6 median with 6% sucrose and no 2,4-D. The mature 
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ertrjos can then be induced to germinate on MS or N5 medium containing 2% 
sucrose without hornvones. 



Green also describes suspension cultures of the embryogenic line 
of A188 and discloses that such suspension cultures can be maintained in 
5 MS median containing 1 2,4-0 with 2% sucrose. When aliquots of the 

suspension cultures are plated onto solidified MS medium containing 2% 
sucrose/ a callus forms from the plated suspension and embryos form on the 
callus surface. These ernbryos are transferred to MS or N6 medium with 6% 
sucrose for further develoanent. After 2 weeks on medium with 6% sucrose 
10 these are transferred to lew sucrose, hormone-free median fozr-embrjO gen- 
eration. A1S3 plants may be routinely regenerated from these embryos. 

- A non-regenerating cell line of com inbred B73 is known (see 
Potrykus et al, Theoretical Apclied Genetics ^ _54:209, 1979). This cell 
line in suspension culture was established from a primary culture of 

15 protoplasts frcm plant tissues of the B73 inbred. The cells are charac- 
terized as growirg well in suspension -culture and easily maintainable on 
agar median. Further^icre, the cells can be enzymatically turned into 
protoplasts, which Ln turn regenerate walls and beccro proliferating cells 
again. Significantly, the c^lls of this line have never been induced to 

20 regenerate plants and moreover display ploidy abnormalities, a character- 
istic well known in other non- regenerating diploid plant cell lines. (See 
M. "g. Meadows, "Charactericaticn of Ceils and Protoplasts of the B73 Maize 
Cell Line" Plant Science Letters, 28:337-348(1982/33). Other attests to 
.achieve plant regeneration frcm established 873 callus- have been similarly 

25 unsuccessful. (See Bar^kowiak, E., "Tissue Culture of Maize Plantlet 
Regeneration Fran Scutella Callus," Genetica Polonica , Vol. 23:93-101 
(1982)). 

The ability to culture somatic cells of inbred plants in vitro 
enables the plant breeder to apply the techniques of microbial genetics to 
30 specific breeding problen\s in crop plants. Included in the genetical 
approaches that ha%*e application to plant breeding are: selection of 
mutations in cell cultures, studying host-pathogen interrelationships, 
transfer of genetic infcrn\ation into cells through uptake of exogenous 
heterologus (see Szoka et al., U. S. Patent 4,394,448) or homologous fsee 
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IrRI European Patient ^Application No- 90p32A) DNA. Purthennore , sonatic 
cell cult'ore enables the plant breeder to develop, select and propagate 
sonaclcnal variants having novel or useful agronomic characteristics. 

The major obstacle to the application of these techniques to com- 
5 roercial com inbred B73 and sane other carmercial i7±>reds has, until now, 
been the inability to provide a tissue culture or cell suspension that can 
regenerate whole plants. The embryogenic com callus line and com cell 
line derived therefrcm provided by the instant invention makes it possible 
to apply somatic cell genetic techniques to a major camiercial com line 

10 for the first time. The particular uses to vhich a cereal, and particu- 
larly a com cell line sadr\ as the one described herein, can be put are 
outlined in numerous articles (see e.g.r Bottino, P. J. "Potential of 
Genet ic ^ Manipul at icn in Plant Cell Culture," Radiation Botany , Vol 15: 
1-16 (1975) and Vasil, I.E., "Plant Cell Culture aivf Somatic Cell Genetics 

15 of Cereals and Grasses," Plant Improvement and Somatic Cell Genetics r 
-Vasil, Ed.., Acade:nic Press, N.Y. , 1st Ed., (1933) ana "Tissue Culture in 
the i^cducticn of Novel Disease-Kesistant Crop Plants," Biol. Rev. , 
54:329-345 (1979)). 

These uses include s<;Tlection at the cellular level of rrutations 
20 for resistance to toxic substances, such as herbicides and substances 

produced by plant pathogens. Since the selections are carried cut at the 
cellular level, it is likely that whole plants regenerated f ran. the cells 
will show the selected charactcjristic. It is significant that such a 
Si^ten would allow plant breede^rs to select (or screen) for the desired 
25 characteristic from among thousands of cells in a single culture dish or 
.flask, whereas a large field plot would be required to select or screen a 
corresponding nLmber of seed crc'wn plants according to traditional plant 
, breeding niethods. 

It has, for example, been demonstrated that com plants derived 
30 fron Black Mexican Sweet com, a non-coc7TT>ercial cultivar, can be regei>- 
erated fron tissue cultures tiut have been selected for resistance to 
lysine and threonine and that tissues of the regenerated plant likewise 
produce com plant tissue that is resistant to lysine and threonine. See 
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pihtem k'a et al., -Sel^tioo and Characterijatlon of a Feeaback - 
Hitbere, K.A ^ ■ , U8:183-1S7 (1980). 

Insensitive Tissue Culture of Mane, Plarta- "°- 

The utility of sue select'ions cairia3 out in caUus cultures has 
also been denonstrated by the regeneration fro. callus culture o£ corn 

5 Sants resistant to »uth.em »m leaf bli,ht. a plant ^^^J' ' 
Lthotoxin produced by fte plant pathogen Hetoenthosprium jejdlS "ce T. 
Stp=si„Tm call^ to the pathotoxin produced ^ the plant pathogen, 
7JZnt callus was selected. Significantly, the progeny o£ certain 
resistant plants «re also resistant to the toxin and plant Pathcgen. 

,0 Tus cal J culture of a com cell line is de^nstrably effective ^ t-.e 
develop«nt of pat.-K«en resistant com seea." (See GengerJ^aA et al., 
f^er^ance of Select*. nt..otoxin .sistance in «ai. n^ts generated 
cell cultures,- °-" .^-^M . .cad. Sci. CSA, 74=51,3-5117 (1977,,. 

Brief Description of t he grawtncs 
Figure 1 is a representaticn of an isozv^ pattern for esterase 
\s obtained by starch =.1 electro*=resis as 6:rther described in U^U 7. 

figure 2 is a representaticn of an isozyme pattern for alcohol 

. ^ ^ u -^1 aio-*-— *>^'-='sis as further described 
dehydrogenase obtaineo by starch gel elev....... 

in Example 7. 

Figure 3 U a representation of an isoz^e pattern for gluta^ate 

-rwv? c-arc^ qel electrochoresis as further described 
20 .dehyirogenase obtained by s.arcn gei eiet . 

in Exarrole 7. 

Figure 4' is a representation of an tsozyrie pattern for ^^lu- 
^sidase obtained by star* gel electrophoresis as f^er described in 
Exait?>le 7. 

Sunmarv of the Invention 
Ih. present inventio, comprises tissue cultures of com inbred 
line B73 Th^e tiss-oe cultures are characterized as e*ry»enic callus 
rt^ 'of com i^^red 373 a^ cell sus^sicn cultures derived ro, the 
e^^enic callus culture of com ir^red B73. As used herein, t^ ter. 
:^enic callus- is defined as a friable callus having ~ visible 
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teo discrete globJar stra«a«s. a portion c£ v^ich ,er..nate to f.r. 



plants- 



PS used herein the term -variation" is defined as phenotypic 

o^aKia 1 e they persist in the absence of the event 
«; <*anaes that are: stable, l.e.r '^ey 

trUcea the *en,e, heriuble, i.e., the new ^.not^ -ans- 
mtted to daughter cell. *en they divide. Charge, in phenotyf* thet per 
sist only as e.e cells or tis^es are n^intained in a new e.-.iron- 

nent are referred to as physiological resfonses. . 

,0 "Oenetic variation" is used herein to describe heritable v„l- 

atlon that is sexually transmitted to progeny of ^'^^ '^f'^^^^'J^^ 
cultured cells or tissues, the ter. "^tanf Is reserved tor the ^cial 
:r"of cenetlc variatK. In ^1* a trait is tran^ltted .e.ct.cally 
aooordm; to «ll-establUhed la« of l*erltance. .hen th.e nature or tne 

• wrjn »->>e tt^rra "variant" is used. 
15 heritable change is not knc.^» trse terra vcu. 

AS used herein the term -reger.erated" , re/errinc to plants, 
.e^ns plants derived fro. cell .rx3 tiss-^ culture, ^e term "orcceny" 
Te^s pla.nt3 Ctained by self-fertilization, si.li:^-fertiUzat.on, bad.- 
crossing or out-crossir^ of t.he regenerated plants. 

AS used herein the tern "clone" refers to callus' or cell suspen- 
sions propagated fran an estoi:lish^ cell suspension or callus line. 

•n.e --r^rycceni'c callus culture of com" inbred B73 characteris- 
tically is a c^Uect'i^ of s^tantially isodianetric cells- v^i* ^ - 
.^oc «f rolls on solid maintenance nsdium such as KS 

. iTi s^r t::tTa:u s.pi««n.ted .th o.. . ,.o ^1^.-= 

Z T^ Iwt/vol, sucrose. 0. »inte«n=e n^l- the .*ryo,enxc callus iS 
Til . i a., easily bro.«, Into ^ler cl.^ of cells and s.n, le 
cells. Onder t-be ll^ht ^croscop.. ■» contlna=us ep.der^ layer i 
visible in the e^.^e„lc «llus. In general, t.^ f^^^T^^- 
,0 yellc^brc^, In color. Gr=s-.h =£ the «*r>c,enlc callus ^ 
surea m fresh «i,bt acc^atlcn: t.be enbrr^enlc '^^^ ^J^^ ^ 
ttaes faster than the or9a«:e.nlc callus oilture fro. *.ch U arose. A= 
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a consequence of its growth rate, the €mJbr>x:!Genic callus needs to be 
transferred to new median every 1-2 weeks. 



The erusryogenic callus is further characterized by the absence of 
differentiated plant structure such as s^nall shoots or Lheir prijDordia, 
5 roots or their primordia, and meristems. A characteristic of cell suspen- 
sions derived from the callus is the production of a rucilagenous poly- 
saccharide in media containing sucrose and 2,4-0. This polysaccharide has 
been identified as a glactcse-mannose polymer. 

nost notable characteristic of the embryogenic callus is its 
10 formation of embryo-lLke structures. The embryo-like structures- are ccm^ 
pact and globular. By transferring the globular structures to a honrone- 
free median such as ^SS or N6 rnediumr some of these globular structures can 
be induced to form plants. The plants can be transferred to soil and 
fertile 373 com plants are obtained. The progeny of these regenerated 
IS plants are substantially identical in form to seed-^rown 373 plants. 
Thus, *the invention enccntpasses com plants regenerated from an embryo- 
genie callus of com inbred B73 and the progeny of the regenerated com 
plants. 

The invention further ccfrprises err^br^-'cgenic cell suST>8nsion cul*' 
20 tures of embryogenic callus culture of com inbred B73. Unexpectedly^ 
these cell cultures retain the ability to regenerate viable 373 corn 
plants. B73 cell suspensions capable of regenerating whole plants are 
initiated fran friable B73 callus maintained on MS medium. The friable 
callus is transferred into a median suitable for maintaining suspe-nsion 
25 culture r e.g. MS median with 2 mg/1 2^4-0, and is placed on ^ gyrotary 
shaker at 130 rpn at 28 *C. Cell suspensions are induced to foim globular 
embryos by plating on solidified MS -or N6 medium containing no horrrones 
and 2^-6% sucrose. Globular embryos are transferred to solidified MS or N6 
median containing no honnones, 2% sucrose and optionally charcoal added to 
30 adsorb residual honnones^ if any, and plantlets form on this medium. Thus ' 
the invention encorroasses com plants regenerated from an eimbyrogenic cell 
suspension of com inbred 373 and the progeny of the regenerated com 
plants. 
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Tine invention will be better understood fron the following exai^- 
pies whi(± are intended by the inventor to be exerr.plary only and non- 
limiting. 

EXAMPLE 1 



Initiation of OrganoQenic Culture 
Plants from maize inbred line B73 were grown to maturity in a 
5 greenhouse suppl€rT>ented with metal halide lights (15 hours/day) and main- 
tained at 30 *C during the day and 2rc at night. These plants were self- 
or sibling-pollinated. Iimiature zygotic enbrios KO-2.0 milli-neters (mm) 
in length (12-14 days post pollination) were aseptically removed fronusur- 
face sterilized kernels and placed flat side dow cn the initiation medium 

10 which contained *MS salts and ys vitamins, 150 nq/l asparegLne, 0.6% agar, 
0.5 mg/1 2,4-0 and 12% sucrose. All culture medium had been adjusted to a 
pH of 5.8 prior to autoclavinc. Cultures '^re incjbated in the dark at 
28 'C for 2-3 weeks, when a car;pact white tissue proliferated, from the 
coleorhizal end of the scutellra. Ihe zygotic errJbryonic 'shoot axis was 

15 not part of the proliferating tissues. The v^ite compact tissue wiich was 
composed of small parenchyma- like cells with meristematic regions was 
covered by an epidermal layer. Nirercus rcot meristems, occasional shoots 
and starch grains --^re seen in this tissue. \<thite ocmpact tissue was • 
removed frcm the embrios, transferred to a maintenance medium, which was' 

20 the same as the initiation medi\xr but included 0, 5-1.0 mg/1 2,4-0 and 2% 
sucrose, and cultured under Aerolites (1500 I'ux) at 28 'C. Cultures were 
transferred to fresh medium every TO-20 days. 

The compact tissue produced on the. initiatian medianvbecam.e 
extremely heterogeneous when transferred to the maintenance medium. Num- 
25 erous shoots, roots, as well as friable and compact green tissues became 
visible. Leafy and rooty tissues w^re carefully removed and discarded 
from the cor^jact organogenic tissue at eac±i transfer. 

After one year of continuous selection against non-regenerating 
regions and roots, thie resulting organogenic tissue was dark green, ccm- 
30 pact, convoluted ard covered by a well-defined epidermis. T^is epidermal 
layer remained cor^tinoous even in zones that produced shoot merist-in^s. 
^ieristematic centers were corrnon beneath the epidermal layer. This tissue 
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was characterized by an extr^niely slow growth rate which could be 
increased by the addition of 9 nig/1 zeatin. The addition of zeatin also 
reduced the quantity of tissues normally selected agaLnst. 

EXAMPLE 2 

Initiation and Selection of EinbryoQenic Callus 

A friable/ fast^growing callus was selected frcm the organogenic 

S tissue after over one year in culture in the following manner. The 

organogenic callus from Vihich the erJbryogenic callus was isolated was 

transferred to maintenance median contining MS salts and MS vitamins, 150 

mg/1 asparagine, 1 tvc/l 2,4-0, 1 nq/1 3,5-dichlorophenxy acetic acid 

{3,5-^3), 2% sucrose and 0.6% washed agar. The organogenic callus whs 

]0 transferred after '3 weeks to fresh median having the same oorrponents. 

« 

After a total of 5 w^ks on the medium, the embryogenic callus 
appeared as snail isodia'netric cells having dense cytoplasn and large 
nuclei on microscppic exariination. The sectors were embedded in a 
mucilagenous patrix. Th^ sectors and mucilagenous matrix were removed 

15 frcm the surrounding compact organoge.^ic callus with sterile tweezers or 
were removed by scraping with a sterile scacel. The sectors and mucila- 
genous matrix were placed cn r^intenance medium as described above but ' 
lacking 3,5-D, Friable (ariryogenic callus grew ar^roximately 3 times 
faster than the organogenic tissue cn the maintenance median with 3,5-D. 

20 Although the embryogenic callus was initially isolated from an organogenic 
callus that had been grov^ cn maintanence medium including 3,5-0, embryo- 
genie sectors have been subsequently isolated from organogenic callus that 
has been maintained without 3,5-D. These isolates, however, tend to 
rapidly organize and cannot he maintained. 

EXAMPLE 3 

Initiation of Suspension Cultures 

25 One and seventy-^seven one-hundred ths gran (1.77 g) of friable 

callus tissue frcm com inbred B73 was inoculated into 25 ml of MS medium 

having the following components: 

magnesium sulfate'Sever hvdrate (f^S04'7H20) , 
calciun chloride-dihydrate (CaCl2'2H20) , , 
30 potassion nitrate (KNO3), 



n 
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airmoniun nitrate (NH4NO3)/ 
potass inn phosphate (KH2PO4), 
manganese sulfate-four hydrate (MnS04-4H20) , 
zinc sulfate-seven hydrate {2nS04*7H20)^ 
5 cupric sulfate -five hydrate {CaS04-5 H^), 
cobalt chloride*six hydrate {CbaL2*6H20 
potassiun iodide (KE), 
boric acid (H3BO3), 

sodion molybdinum oxide-dihydrate '2Ja2Hc04»2H2P) , 
10 ferrous sulfate*seven hydrate (FeS04*7H20), and 
sodion ethylenedianinotetracetic acid (Na2El7rA}. 

In general, as used in the invention, the exact concent-ration' of the salts 

can be varied within lijnits without departing from the invention. 

standardize the making of the^ media, however, the concentrations of the 
15 above listed minimal salts arti as follows: 

rAgS04-7H2O 370. milligrams/liter (ng/1) 

CaCl2-2H20 440 nq/1 

KNO3 1900 mg/1 

NH4NO3 1650 mg/l 

20 KH2PO4 no ng/1 

MnS04*4H2O 22,3 nc/1 

2nS04-7H20 8,6 ng/1 

.C0S04*5H2O 0.025 mg/1 

CoCl2*6K20 0.025 ng/1 

25 KI 0.83 irg/^ 

H3BO3 6.2 ng/1 

Na2to04-2H20 • 0.25 ng/1 

FeS04-7ri20 28.75 ng/1 

Na2EDrA 37.25 ng/1 . 

30 The median further contains the following vitamins, hormones ajid 

carbohydrate sources: .* 

Thiamine-HCl 0.2 ng/1 

Pyrodoxin-HCl 0.23 wn/\ 

Niootinic acid ^ 1.3 mg/1 

35 Calcium pantothenate 0.25 ng/1 

L-asparagine 132.0 mg/1 

2,4-D 2.0 ng/1 

sucrose 2% v^ight/volone 

pH 6.0 . 
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The friable efnbc%v^enic callus and medium are placed in a 100 ml 
Delong flask and are incubated at 27 'C on a gyratory shaker at 130 rtm 
with indirect lighting fran Agrolites for 16 hours a day for 7 days. Cul- 
tures v«re transferred every 7 da>^ in a 2 to 5 culture to medium transfer 
5 into 50 ml of the same media in 250 ml Delong flasks. 

Bnbryos are generated from the suspension cultures by removing a 
one ml aliquot froi. a 7 day old transfer and placing it on a solid plant 
growth medium sudi as MS medium or N6 medium containing no hotinones or 
0.01 mg/1 2,4-0 and from 2 to 6% sucrose, Ihe plates are maintained under 
10 the corditions described in Example 4 for approximately one weeJt^ Plants 
may be regenerated from the embrjos by transferring the enbryos to >S or 
- N6 media containing no hormones and 2 to 6% sucrose as described in 
Example -6 below. 

EXAhgLE 4 
Fonnation of Embyros and Plantlets 
A 15 dav old sus=ension culture having a volurr.e of approximately 
15 • 25 ml v«s placed* in a sterile centrifuge tube and the cells vere spun down 
at 1000 rpn for-5 minutes. 'Die supernatant --as discarded and the cells 
VP- resusoended in 25 ml of honnone free N6 mediuir, containing 6% sucrose. 
One ml of 'the resusoended cells was dispensed onto solid N6 medium con- 
taming 6% sucrose, no honrcnes, and 0.5% washed agar (K.C. Biolagicals, 
20 Benex, Kansas), ihe plates were covered and maintained at 27 'C under 

Agrolites at 1000 to 3000 lux for 16 hours a day. After 23 days , . nimerpus 
globular structures grew on the hormcne-fr-ee N6 median containing 6% 
. sucrose. These globular structures were removed and transferred to 

hormone-free MS medium with 2% sucrose and 0. l%,charcoal. After 6 days 
25. four plantlets approximately 1 to 2 centimeters (cn) in length having 
shoots and rnots were obsen'ed. 

EXAMPLE 5 

Receneration of B73 Plantlets frtxn S uspension Cultures 

A B73 suspension (maintained as a suspension for approximately 4 

nonths) was centrifuged at 1000 rpn for 5 minutes to pellet its cells. 

These cells were then weighed and diluted with hormone-free M.S. medium to 
30 a concentration of 100 .Tg suspended cells/ml hormone-free medium. One ml 
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of median (100 cells) was plated onto no hormone N6 medioTt with 2% suc- 
rose/ O.U charcoal, cH - 5.8. 

These ox •les were incubated at 28 *C in the dark. After one 
month, globular structures forr^ed \*hich were then transferred to fresh 
5 median and placed under Agrolites, After approximately 3 weeks, many of 
these structures had developed into plantlets. 

EXAMPLE 6 

Regeneration of B73 Plants from Errforyogenic Callus Culture 
One hundred irg of friable B73 callus/petri plate was placed on 
N6 median with 4% sucrose and no hoiTnones. Itiese plates were incubafed at 
28 'C in the dark. After 27 days nonerous plantlets were removed and 
10 transferred to plastic tissue cult'ore boxes (about 3 inches x 3 inches x 4 
inches) containing 50 irj. of hctaKne free M.S» median with 2% sucrose • 
After approximately one months six of these plants were transferred to 
pots in the greenhouse. All of these plants v^re grown to maturity. 

EXAMPLE 7 

Isozyme Comparison of Einbr^cgenic 373 Callus Culture 
and Non-En^ryogenic 373 tissue 

Bet^^n 0.5 and 5 grcrs cf t.^-^ com inbred 373 tissue indicated 

below were placed in an equal weight of hcmogenization buffer containing 

16.7% w/v sucrose, 8.3% w/v ascrbic acid at pH 7.4, and was hanogenised 

using a Porxer tissue hcmogeni^sr. The homogenate was prepared for starch 

gel electrophoresis and the resulting gels were stained for esterase. 

(Figure ^), alcohol d^ydrog^se (Figure 2) glutamate dehydrogenase 

{Figure 3) and ^-gluoosidase (Figure 4) as described by Goodnan et al. 

in Genetics , 96:697*70. In Figures 1^ below, *the tissues were grown as 

-follows: 

Leaves - taken directly frcra 6 week old greenhouse maintained B73 plants . 
Coleoptile - taken fran sheets six dai's after germination from seed. 
Shoots - taken from mature B73 seeds one day after soaking in distilleo 
water. 

Scutellum - taken from mature B73 enbryo one day after soaking in dis- 
tilled water. 
Zygotic Eferyo - taken 19 dav-s after pollination. 



20 
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. cs~,r-7o R^s-jed - taken 12 davs after pollination and then 

transferred to the nedian of Example 3 for 7 days. 

^^enic - 2,4^ - friable en^c^enic callus tissues ^'J}^^^^ 

on the nediun of Exantple 3 without 2,4-D for 19 days. 

5 .^ ^enic . 2,4-0 - friable anbryc^enic tissues of B73 that ,^re maxn- 
tained on the inedim of Example 3. 
O^an^enlc - oroanogenlc tissue of B73 th.t «« ^intainrf on the ™di« 
of Bcarole 3* 

rioures 1-1 an., representations of starch gels tun for the indi- 
,0 cated enzyn^;. The gels patterns sh« the foUowin, results: __ ■ 

Esterase - Figure 1 - Entrvcgenio cultures gave the same isor^e 
patterns as rested zygotic enbroyos and organogenic cultures gave the . 
same isozjme pattern as mafjre leaves. ■ 

Alcohol' dehydrogenase - Figure 2 - organcgenic cultures and 
15 e^rv^enic cultures cn medi^ -ittout 2.4-= gave the sae isoz^^ pattern 
r^otio erhrvos, but «^enio o^tures a, the s^ medi- conta...ng 
2,4-D did not. 

^. . -> u^.^^p*^^'r cultures on 

Glutanete dehi^rocenase - Figur« 3 - vw^c...c — 

medi™ wi-^ut 2.4-= gave the pattern as z^^otic =*rvos. bu. 
20 genie cultures » mainten^oe ,«dim> with 2,«-D did not. 

/2 ^uosidase - Figure 4 - e*r,ogenic and organoge.ni= culture 
geve the sie pattern as coleoptiles a different pattern than zygotic 
enbrios. • *" 

a,ese results suj5ort the characterization that regeneration 
55 fran ™bryogenic cultures proceeds b,- a tyfe of scnvatic .a^brycgenesis. 
" LTp™ of isozymes usually associated -ith »leoptiles sugg^sts^at 
the tinir, of ™-lc develos^ntal events ,«y be different than tha. 
of of zygotic erbr/os. 
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Chsracterization^_^y;f;:-,3 Tissues ' 

T^:T"ora 7-day-old .^e.ic cell susfension o£ com inbred 
, !I into a f-esi. SO nd aliquot of the n«Jiu-n of Example 3. 
cultures «r. 9ro« ^ ^^^^^ 

Mter 7 days, cells «3 ^ diluted 

tic„ or rco, te^rature with stirring. . 

„ith 3 vola.es of e,a«^ ^ ^ ^ ^, i„ 

*it. fibrous P-^- - ^en.- 1>>e dried _^eci^ 

absolute ethanol a,^ ^"^^^ ,^^Mori= acid for 5 hours it ToO-C 
itate «s h,droly.e3 m 1 ^^^'^ ,3^ „,clear ' 

I and the corponent sugars were analysed oy u n 

lic^nance ,'3c^^, c a Varian XL-200 ..e spectr-eter. 

■ ^ ,lysac=^.aride «s identifie. as a .ly^r ^^^J^^ 

tose a:^ « in a^ut a 4=, '1-"-™;;"^;,^^^-^=.^ 
eo^sition different fr» nuite root sl»e. ° J 
5 nolvmer abundant in tu=os<= a.^ ,alacturonlc acid, and corn hull-, , 
5 polymer _ai:.tose in a 7:5:1 ratio (see SniJi, F- et 

contains xylose, araoinose arf 9a-t°« in . „„,,tea 

n n i -- — '^■-^ »' "'^""'^ '"^ 

^ ■a,,,----'^!'^ »jl;lishing Cor?. , Nev YorK). 

?olvsacciiariucj» > 

EXA>gLE 9 

^n.irge Utilization 
Cri^^en- susp^nsic .adtures of com Lnbred B73 were washed 
.0 in car^^^atUrel .edi-^ an. plate, ontoj. 

been solidified -^th 0.6% washed agar -and contained 1% w/v ^ 
had been solidxt ^^^.^ ^ ^^^^ ^^^^ ^^..^ 

filter-sterilized test corccuics the dar'< at 

^ • af-er 2 weeks and 9 weeks growth in tne oa..-. at 

was assessed visually a£wer - "-^^ 



27 "C. 
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toxicity of oalactose in th.e presence of ^crose was tej.ed 
• cc^nsicn cilt-es of com inbred B73 by incorporating 
on CTbryogenic suspensicn cu.-.-s ^ ^^^.^ -> «,ntaining 2% w/v 

galactose (0., to 6% w/v, into the ^lu. of ^-^^^ 
sucrose. Growth ^ ~asur^ by pacSed cell vol^ af .er day 

incubation cn a sna.<er a^. ^ v. i.j w 
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TABLE I 

o« ™enic C^Us c£ Oj^ Inbred B73 on Various Carbon Source. 

B73 Cell Growth 

Relative to r.^v^hv^rate-Free Control 
carbo n source Relative co v, ^ 

sucrose 
D-glucose 
soluble starch 
D-(+)-galactose 

-lactose 
D-sorbitol 
L-p_roline 
0 (control) 
L-(+)-arabinose 
inyo-inositol 
-D-(+)-fucDse 

L-glycine 
' L-arginine 
L-(-)-xylose 
I>-(+)-inannose 
DL-malic acid 
D-mannitol 
L-(-) -sorbose 

-L-rharanose 
L-olutamic acid 



+ 

0 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



Visibly detectable groth. 



Hct of the «rb=n soirees did not s.^rt growth of the oells 

^ the ^TJ^ - ^'^-^ — "-'Z' tf 

and ti^ oesc g initial lag period. The 

'TZ Srtit^J L^rbitoi but „ .OU. a. 

response to galactose. 
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The enbryogenic callus of com intred B73 which crew en starch* 
containing plates appeared to la« the calactonannan secretion preser.t in 
the plates containing sucrose cr glucose. Suspension cultures of the same 
tissue growing on starch produced no detectable amounts of galactomarjian. 

EXAMPLE 10 

5 Plants obtained in Example 6 were growi in the greenhouse and 

were either self-pollinated, backcrossed to the parent B73 line, or 
sibling-pollinated with sister regenerated plants (designated RiSi for 
self-pollinated, RiBCi for backcrossed and RiSibi for sibling pollinated). 
The com progenies were produced fran four regenerated plants. Tvo.a f the 
10 regenerated plants were self -pollinated using the rrain stem ear and a 

tiller tassel. Because of as\T>chronous emergence of tassels and sii:<s and 
frequent occurence of tassel-^ars, the remaining regenerated com plants 
could often not be self-pollinated, but Lnstead '.^ere used as fem-ale 
parents in crosses to seed-grcwn 373. 

15 The seeds produced were grown out in the field bet-^^n Decernber, 

VS83 areJ March 1S84. Plants wr^re evaluated in early February, which was 
approxrnately two weeks post-pcllination for t-he com. A total of ten 
rows of regenerant progeny ucre planted out ear-Lo-row, In addition, tvp 
seed-grown plants used as male parents in crosses with the regensrants 

20 were also self -pollinated and used as check rows. Traits exa::nined 

included: plant height, ear height, sterri dia^ieter, leaf number .and ar.y 
evidence of single gene irutatior.s affecting plant appearance. Wnile scrr.e 
rows showed evidence of salt stress, no differences could be seen between 
the RiSi, RiBCi, and RiSibi prcceny and the seed-grown check rows. 

25 Fran the foregoing it will be apparent to those skilled in the 

art that enbryogenic tissues and cell suspensions of com irired 873 will 
enable plant breeders, practitioners of methods of plant tissue and cell 
culture, and plant moleoilar biologists to carry out major iT.provements in 
this valuable and widely used com inbred. The ernbrycgenic cultures of 

30 'com inbred 873 provided by the instant invention make it possible, for 
example, to subject these cultures to _in vitro mutagenesis to induce vari- 
ation in com plants regenerated therefrom. >tethods for che-r^ical ar.d 
physical mutagenesis as well as cell culture techniques for the recc%-ery 
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of desirable mutants are veil loown to those skilled in the-art (see for 
exan^le: Popova, J*, "Possibilities of L^ducing Economically Useful Muta- 
tions in Maize Seed by Treafcr^nt with Ethyl Me thane sulphonate," Genetic 
Plant Breeding , e[: 282-290 (1973); Balint et al., -Examination of W?9 
5 Mutants Sublines for Lodging and Pusarim Resistance," Induced Mutations 
Against Plant Diseases ^ pp» 489-494 IAEA, Vienna; Weber and Lark,. "An 
Efficient Plating System for Sapid Isolation of Mutants from Plant Cell 
Suspensions," Theor> Apol. Genetics , 55^:81-86 (1979); ard Thanas, J. A, et 
al., "Improvement of Crop Plants via Single Cells in Vitro - An Assess- 
10 ment," 2. Planzenzucht , 82^:1-3 (1979). Thus, the invention is considered 
to encompass mutagenized B73 tissue cultures and cell suspensiQcsL.and corn 
plants regenerated therefron and the nutant or variant progeny of the 
regenerated com plants, 

Ihe ability to recenerate ^ole plants from the embrvocenic 
15 tissue and cell suspension cultures of com inbred B73 provided by the 
instant invention also en^iblos those skilled in the art to carry out in 
vitro selections for desirable traits or against undesirable traits. (See 
Hibbert et al, and Bengenbach ^t al., both mentioned hereinabc'/e. ) Thus, 
using the eimbryogenic tissue or cell suspensions cultures of com inbred 
20 B73 of the instant invention, it is now possible to expose cultures of • 
com inbred B73 to. seli^cti^'e agents for 'example herbicides and patho- 
toxins, to select 'tissues and cells resistant to the selective agents and 
to regenerate plants resistant to such selective agents • Thus; considered 
within* the scope of the instant invention are Gnbryogenic tissues and 
25 cells of com inbred 373 selected in vitro , the. com plants and seed • 
thereof regenerated there f ran and the progeny of the regenerated com 
plants. 

It will also be readily apparent to those skilled in the art 
that embryogenic tissue an3 cell suspension culture of com inbred B73 

30 provides the opportunity for the generation of scmaclonal variants in com 
inbred B73 by regeneratinc plants fran embryogenic tissue culture and cell 
suspension cultures of com inbred 873 provided by the instant invention. 
Such stable scmaclonal variants are well knowi to those skilled in the art 
as exenplified in Edallo et al., "Chixnosomal Variation and Frequency of 

35 Spontaneous Mutation Associated with the in vitro Culture and Plant 
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Regeneration in Maize," Maydica 25, pp, 39-56 (1981); Beckert et al., 
"Etude de la Variabilite Genet icue Cbtenue Chez le Mais tores Callogenese 
et Regeneration de Plants in vitro , Aaronarie 3, pp. 9-18 (1983); and 
Lar-cin et al., "Sop^.clonal Variation - A Novel Source of Variability from 
5 Cell Cultures for Plant Improvement , " Theor. Anpl> Genets 60 , pp. 197214 
(1981). A large bodj- of literature in fact suggests that plants regen- 
erated fran culture ace characterized by an unexpectedly high rate of 
. stable propagatable phenotypic variation. See Rice, "Tissue Culture 
Inbred Genetic Variation in Regenerated Maize Inbred," 37th Ann. Com & 

10 sorghun Research Conference (1983). Thus it is now possible to provide 
progeny- with genetic variations arising from somaclonal variants regener- 
ated from com inbred 373. Such characteristics ray be stably main^ned 
in the second generation progeny of the regenerated plants and will 
generally exhibit either 'Mendel ian segregation (e.g., 3:1 ratio for single 

15 gene traits) or uniform expression since sanaclonal variation arises in 
diploid cells and may generate bonozygous variants. Ihus, the invention 
is considered to enconpass sonaclonal variants of the embryogenic callus 
and cell suspension of com Lnbred 373, com plants and the seed thereof 
regenerated therefrom and the progeny of the regenerated com plants. 
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CLAIMS: 



..Bnbryogenic callus and er^rvogenic cell suspensions of com 
inbred B73 and the clones thereof. 

2 Com plants and the seed thereof regenerated fran en^r^ 
eenic .caUu; a.^ e^c^enic cell sus^sicx. of cm inbr«3 B73 ar. the 
5 clones thereof. 

• ^ «,ST^Anic callus and mutagen! zed cell suspen- 
3. Mutagenized emDryogenic caj.j.ua » 

sions of com inbred B73 and clones thereof. 

- 4 O^m .plants an5 the seed thereof regenerated frcn mutagen- 
. enbr^enic callus an5 .ut.,enize3 cell suspensions of com xnbred 
10 B73 and the clones thereof. 

. 5 PTcgeny of com plants regenerated from e^r^enic callus 
^ enbr^lnic cell sus^nsi.. of com inbred B73 a«3 clones thereof, 
said progeny including im^tants and variant progeny. 

, r..^^,^ cf com inbred E73 having the character- 

■-• . n .^rvc^enic callus of com inbred B73 deposited in tne 

Arerican Type Culture ^ ^™enic callus aM clones of said 

cell susoensions derived fron said enbry^genic callus 
. ei^ryc^e'nic callus or enbrvxgenic cell suspensions. ^ 

7 0.m plants and the seed thereof regenerated fron the 
V* alius am enbry^enic cell suspensions and clones of said 
ZZ^^ r^^enic cell sus^nsions of Clai. . 

- ' 8 Hutagenized er^nic callus of com inbred B73 said 

. n^c callufof com inbred B73 havi:^ the characteristics of an 

„1 cl^ u^ o com ir^re. B73 deposited in the A-ricah Ty^ 
ert.r>^en.c callus of ^^^^^^ ^tagenized cel. 

25 Culture Collection under AICC ^^^^^ „,ta 
susoensions derived from said embryogenic callus ana 
7JZ\^^iic callus or «^r^eni.. cell suspensions. 
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9. Com plants ard the so^ thereof regenerated from the nwta- 
genised enbri'ogenic callus and mutagcnised cell suspensions and clones of 
said nutagenized erirvt^genic callus and irutagenized embryogenic cell sus- 
oensions of Claim 8. 

5 10. Progeny of corn plants regenerated from embryogenic callus 

having the characteristics of an enbri-ogenic callus of com inbred B73 
deposited in the A-nerican Type Culture Collection under ATCC Accession 
Nunber 40116 or regenerated fran cell' suspensions derived frcm said 
embryogenic callus having the c^iaracteristics of an errJDcyogenic callus of 

10 com inbred B73 deposited in the Anvericnn Type Culture Collection under 
AlCC Accession Nu.-nber and clones thereof, said progeny including 

. mutants and variant progeny. 

11. An enbr^ogenic callus of com inbred B73 as deposited in 
the Arrerican Tv-pe Oilture Ccllecticn under ATCC. Arcessicn Nurrber 40116, 

15 cell suspensions derived fron said enbr>ccjenic callus and clones thereof. 

12, Com plants and seed tlv^rcof regenerated from t.he efnbryo- 

' genie callus of corn inbred B73 as deposited in the A-nerican T/pe Culture 
Collection urrjer ATCC Accession Nurbcr 40116 cell suspensions 

derived from said enbvTogenic callus and clones thereof. 

.# 

20 13. Mutagenised eTir%rcenic calTus of com inbred B73 as 

deposited in the A-nerican Type Culture Collection ancer ATCC Accession 
Nirnber 40116, mutagenized cell suspensions derived fron said ernbryogenic 
callus and clones thereof. 

14. Com plants arx3 the seod thereof regenerated from the nuta- 
25 genized callus, mutagenized cell suspensions and clones of said mutagen- 
ized enbryogenic callus and inutagenized erbrvogenic cell suspensions of 
Qaijn 13. 

15. Progeny of com plants regenerated from the er-iryogenic 
callus com inbred B73 as deposited in the A-nerican Type Culture 

30 Collection uxxier ATCC Accession N\mber 401 lo, cell suspensions derived 
fron said entjryogenic callus an? clones, tlioreof , said progeny including 
mutant and variant procency. 
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